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Staphylococcus aureus is a microorganism that can caused mild infection to human such as 
bacteremia and pneumonia. Methicillin Resistant Staphylococcus aureus (MRS A) 
interrupted the association with health care environment; hospital~acquired MRSA (HA­
MRSA) and Community-acquired MRSA (CA-MRSA). This study was carried out to 
characterize Staphylococcus aureus strains from two swine farms and their farm's 
environment. The evaluation methods were used by determining the isolates using catalase 
test, antibiotic susceptibility testing and multiplex PCR technique. A total of 40 
staphylococcal isolates were collected from two different swine farms. Biochemical tests 
revealed 22 (55%) were gram positive, 16 (40%) were catalase positive and overall 13 out 
of16 (81.25%) of isolates recorded as >0.2 MAR index. Multiplex PCR amplification was 
used to further confirmed the nuc gene and mecA gene of S.aureus. Based on the findings, 
5 out of 40 (12.5%) isolated samples were detected as nuc gene, while 2 out of 40 (5%) 
carried mecA gene, but confirmed as not MRSA. The occurrence of antibiotic resistant 
toward penicillin, methicillin and erythromycin was relatively in commercial farm 
compared to village farm. In summary, it helps to form baseline data of antibiotic resistant 
in swine farm environment to control the u~age of antibiotics in animal farm. 
Key words: Staphylococcus aureus, MRSA, nuc gene, antibiotic susceptibility testing 
ABSTRAK 
Staphylococcus aureus ialah mikro-organisma yang boleh mengakibatkan infeksi penyakit 
seperti beterimia dan radang paru-pant. Methicillin Resistant Staphylococcus aureus atau 
dikenali sebagai MRSA didapati menggang~t masalah kesihatan pesekitaran iaitu; 
hospital-acquired MRSA (HA-MRSA) dan community-acquired MRSA (CA-MRSA). Dalam 
kajian ini, objektif utama iaitu mengenalpasti identiti Staphylococcus aureus bakteria dari 
pesekitaran penternakan kampung khinzir yang kecil dan perternakan ladang khinzir 
komersial. Proses penilaian yang digunakan dalam projek ini iaitu ujian katalas, uji 
antibiotik sensitif dan multiplex PCR. Jumlah keseluruhan 40 isolasi staphylococcal 
sam pels telah dikumpulkan dari dua buah lokasi pertenakan khinzir yang berbeza dan 
rumusan data diperolehi iaitu 22 (55%) gram positif, 16 katalas positif manakala secara 
keseluruhan 13 daripada 16 isolasi (81.25%) telah direkod mempunyai MAR index yang 
melebihi 0.2. Teknik Mutiplex PCR amplifikasi yang digunakan untuk mengenalpasti nuc 
gen.(12.5%) dan mecA gen (5%) ditemui tetapidisahkan bukan berasal daripada s'aureus 
bakteria. Kehadiran antibiotik resisten berlaku dalam skala yang tinggi didapati dalam 
antibiotik penicillin, methicillin dan erythromycin di ladang besar perternakan komersial 
khinzir berbanding dengan perternakan kampung khinzir Kesimpulannya, kajian ini 
membantu untuk memberi panduan maklllmat mengenai penggunaan antibiotik resisten 
perternakan khinzir untuk mencegah penggunaan antibiotik secara berleluasa. 
Kala kunci: Staphylococcus aureus, MRSA, nuc gen, uji sensitiviti antibiotik 
VII 
1.0 Introduction 
The prevalence of mUltiple drug resistant bacteria rapidly increases have led to the 
inevitable side effect of the use of antibiotics. The emergence and dissemination of 
resistant bacteria are a major concern in clinical health management. Antimicrobial drugs 
being used as food production and growth hormone to increase the rate of weight gain and 
improvise quality of feeds of animals. In 1969, there were reports that Staphylococcus 
aureus has developed resistance to multiple antibiotics which commonly introduced for 
clinical use and become the most successful human pathogens (Jvo, 2014). 
Antibiotic refers to any organic molecule use to inhibit or kill microbes by 
specific interaction to bacteria (Davies, 2010). Methicillin was first introduced to control 
penicillin-resistant Staphylococcus aureus in p-Iactamase in 1959 (Zhang et al., 2005). 
Subsequently, MRSA strains were discovered and shown a drift epidemiology from 
animals to the environment (Loo et aI., 2007a). MRSA became resistant to all classes of 
penicillin antibiotics known as p-1actamase. Hence, the worldwide occurrence strain of 
MRSA is limiting the treatment options to MRSA. Several reports showing large, 
widespread of emergence of MRSA in animals throughout Malaysia, which involve pigs, 
horses, dogs, cats and chickens (Saleha & Zunita, 2010). 
The W~rld Health Organization (WHO, 2007) stated that the importance of 
antimicrobial drugs for large livestock productio~ by prevent the risk of emergence and 
other resistant microorganisms in animal farms. The investigations on large usage of 
antibiotics per year were analysed the large usage antibiotics per year in environmental 
farms. The isolation and characterization of MRSA from two swine farm were performed 
for this study. 
j 
The problem arises because MRSA no longer restricted to human and currently 
emerging as important zoonotic and veterinary pathogen (Waller, 2005). MRSA has 
evolved and developed resistance to many antimicrobial drugs which caused infections 
such as hospital acquired MRSA (HA-MRSA) and community-acquired MRSA (CA­
MRSA) increases throughout the years (Zhang et al., 2005). Nosocomial infections are 
known as HA-MRSA commonly caused by hospital environment infection and transmitted 
via direct contact with hospital staffs and patients. There were several infection sites 
caused by MRSA such as urinary tract infection, surgical site infection and pneumonia. 
Thus, MRSA is a great concern in both veterinary and human medicine as it 
showed the transmission of antibiotic resistance from animal to human. Therefore, this 
study will involve the identification and isolation of S. aureus species which aimed to 
profile the antibiotic resistance from selected swine farms in Sarawak. 
The objectives of this study are to: 
1) Isolate and identify methicillin resistant Staphylococcus aureus from selected 
swine farms in Sarawak. 
2) Investigate antibiotic susceptibility testing of Staphylococcus aureus toward 
different type of antibiotics. 
3) Identify the nuc gene and mecA strains of Staphylococcus aureus by using 
Polymerase Chain Reaction (PCR) 
Hypothesis 
The hypothesis of this study is the occurrence of Staphylococcus aureus through 




2.0 Literature Reviews 
2.1 Antibiotic 
Since 1950s, antibiotics have been widely used in the production of fann animal 
production (McEwen & Fedorka-Cray, 2002). The importance of antibiotics is to treat 
infections in individual animal that caused by different types of bacterial pathogens. Their 
usages have high potential problems in human medicine since the antibiotic resistant 
bacteria can be transmitted by the food chain to human (WHO, 1997). 
Antibiotic are substances which can destroy or inhibit the growth of 
microorganisms which particular disease-producing bacteria and fungi. The discovery of 
penicillin antibiotic, one type of mold Penicillium notatum in 1928 was discovered by 
bacteriologist Alexander Fleming. Antibiotic are secondary metabolites with antimicrobial 
properties which was produced by a particular microorganism in order to compete for 
nutrients by direct killing or inhibiting the growth of other microorganism. Besides, 
antibiotics only effective against both fungal and bacterial infections however it does not 
work against viral infections. Antibiotics produced by microorganisms which are also 
semi-synthetic antibiotics and derived from the naturally produced antibiotics. 
Antibiotics can be classified into 4 major groups which based on their 
antimicrobial mechanism. For group I antibiotic, the mechanism exerted by antibiotics are 
the inhibition of cell wall synthesis while for group II antibiotic by the mechanism of 
disruption of cell membranes and group III by the interference with protein synthesis. The 
last group IV is from the interference with nucleic acid synthesis. Among all the group 
antibiotics, group I and III are mostly higher therapeutic properties and most adequate 
selective toxicity if compared to other groups. Therefore, they are most effective in 
treating microbial infections. 
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Nevertheless, antibiotic can synthesize by microorganisms or synthetic compounds 
which can be produce from soil environment. Another microorganism such as endophytes 
also used to discover new antibiotics. 
2.2 Staphylococcus aureus 
Stapylococcus aureus is a gram positive bacteria which can grow at temperature of 
15 - 45°C with up to 15% of Nacl (Jvo, 2014). It is a facultative anaerobic pathogen 
which can grow alike as lactic acid bacteria. S. aureus was reported resistant to penicillin, 
methicillin, amoxicillin and oxacillin. It commonly found in clusters, pairs and 
occasionally in short chains. Observations on cocci: it can divide into two planes to 
differentiate between streptococci and staphylococcus. S. aureus was colonized on the 
nasal passage and axillae and also in human common skin commensal. In previous study, 
vancomycin is the most common drug used to treat Methicillin Resistant Staphylococcus 
aureus (MRSA) infections, although it only used to provide suboptimal treatment of 
bacteremia or known as bacteriostatic (Schmidt, 2009). 
2.3 Methicillin Resistant S. aureus (MRSA) 
The WHO (2007) stated the MRSA was a significant pathogen in nosocomial 
infections, which was first discovered in 1961 and became major public health threats in 
the clinical medicJnes (Hartman & Tomasz, 1986). The first discovery of MRSA was in 
1981 identified reduced-affinity penicillin binding proteins (PBP2a) in MRSA or known as 
mecA gene contained altered protein. PBP2a can retain transpeptidase activity by 
decreasing the affinity of penicillin and other beta lactam antibiotics. Their mechanism 
actions were discovered to exhibit both acylation of p-Iactam and increase their 
dissociation constant. When the mechanisms react at the same time, it inhibits the 
acylation of PB2a, thus lead to p-Iactam resistant to most of antibiotics (Deresinski, 2005). 
4 
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Besides, MRSA used to describe as multidrug-resistant S. aureus because it can be 
resistant towards multiple antibiotics (Schmidt, 2009). MRSA infections can be divided 
into Community-Acquired MRSA (CA-MRSA) and Hospital-Acquired-MRSA (HA­
MRSA) (Jvo, 2014). 
According to Chen et al. (2012), over 2 million of nosocomial MRSA infection 
cases around the world causing death to human. As reported in the United Kingdom, over 
5,000 deaths per year were related with MRSA, while in Netherlands, MRSA was found to 
be responsible for more than 20% of all MRSA infections (Loo, 2007a). In Europe, it was 
reported that MRSA has caused more than 170,000 infections per year, corresponding to 
44% of all infections related to health care (ECDC/EMEA, 2009). All reports were 
originated from pigs, cattle, sheep, chickens and most of the samples were tested in 
veterinary clinics and hospitals. Before the transmission of MRSA from cows and human, 
there were several cases involved pigs, horses and chicken which reported in the early of 
20s. The first case study in Hungary was found the transmission of MRSA between cows 
and humans (Juhasz-Kaszanyitsky et al., 2007). Table 1.1 is the reported cases involved 
the emergence of MRSA in several countries. 
Table 1.1: Emergence of MRS A in several animal species in different countries. 
( olilltrin "Pl'l'il" (h'l'lIlll'lIl'l' raIl" 01 \II~'" Ih'!"l'!"l'lll'l" 
\ (,(l'l ill:!1 \ 
II It"'pl t:ll 
Korea Dairy cattle, chickens 15 MRSA isolates froml913 Lee, 2003 
Beef, cattle pigs samples; 12 samples from 
beef cattle and pigs. 
Netherlands Pigs 209 (39%) of 540 pigs De Neeling 





71 (25%) out 285 pigs of 
nasal and rectal swabs was 
confinned carried MRS A; 9 
(45%) from 20 pig farms 
were positive MRSA 







Small animal clinic 
Veterinary, Fac., 




Pi s, rabbit, turtle, bat 
27 of 879 of animals were 
infected by MRSA 
18 
4 
Found as 1 each 
Walther et 
al. , 2008 
Small animal 
hospital and Equine 
hospital, V.of 
Live 001, VK 
Horses 11 out of 67 were infected by 
MRSA 
Dogs and cats 0% 
Baptiste et 
al., 2005 
(Saleha & Zunita, 2010) 
In Malaysia, the first isolation of MRSA was in 1978 (Jamal et aI., 1983). Several 
other cases in Malaysia also showed the emergence of MRSA rapidly increase by 21 % 
from 1971 to 1985. A previous finding in Malaysia between pig and pig workers has found 
the identity of tMRSA ST9 (modem) strains arise more than ST398 (traditional) strains 
(Neela et al. , 2009). Table 1.2 are some cases found in Malaysia. 
Table 1.2: Cases emergence of MRSA in Malaysia. 
11.7% involve cats and dogs possessed 
carried mecA 
Khairina et al. , 2007 123 Staphylococcus aureus were isolated 
from 100 piglets in 5 pig farms and found 
2.4% were MRSA 
Andulkadir et al., 2007 
Zunita et al., 2008 
18% of feathers were reported in poultry 




Recently in 2012, a study in the Nkonkobe Municipality, South Africa found the 
prevalence 23.3% of S. aureus with 120 staphylococci isolated from swine animal 
(Adegoke & Okoh, 2014). From the study, a total 12.6% out of 38% was discovered as 
methicillin resistant S. aureus for swine animals. 
2.4 Detection of MRSA 
Several biochemical tests are used to identify MRSA. Mannitol Salt Agar (MSA) is 
used to differentiate S. aureus from other staphylococci species. The main components in 
the MSA are sodium chloride, mannitol and phenol red pH indicator. Sodium chloride 
function as to inhibit other bacteria to grow in MSA as the concentration of salt is high 
(Amini et al., 2012). Therefore, MSA will prevent other bacteria to grow except S. aureus. 
According to the Clinical and Laboratory Standards Institute (CLSI) 2006 guideline 
(Sievert et al.,2008), antibiotic susceptibility testing should be tested by using Kirby-Bauer 
disc diffusion method on Mueller-Hinton agar which was incubated at 37°C for 24 hours 
with antibiotics. The antibiotics were used in this study such as methicillin, gentamicin, 
tetracycline, erythromycin, penicillin, vancomycin, ampicillin, chloroamphenicol, nalidixic 
acid and clindamycin (Amini et aI., 2012) . 
The isolated samples of MRS A were confmned by using polymerase chain reaction 
(Manal et al. , 2009). Staphylococcus aureus ATCC 25923 (Nuc :+ve, mecA:-ve) was used 
as a positive control to detect nuc gene while me'cA gene does not encode for s.aureus 
ATCC 25923 and proved to be a negative result (Wongboot et al., 2013). However, 
detection of MRSA mecA gene was a sensitive process and independent of its level of 
expression. There are several types of genes represent MRSA strains with different drug 
resistance. Multiplex Polymerase Chain Reaction (PCR) was targeted 2 types of genes, nuc 
gene and mecA gene. Nuc gene encoding for themonuclease of staphylococcus aureus 
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species while mecA encoding for resistance against p-Iactamase stable penicillin and 
relatively to all p-Iactam antibiotics. According to Amini et al. (2012), mecA gene was 
used to detect MRSA which resistant to specific antimicrobial drugs and become resistant 
toward erythromycin, methicillin, vancomycin, oxacillin, cefoxitin, and other macrolide 
drugs. peR amplification is needed in the study to increase the specificity of the detection 
MRSA. Basically, it consists of 3 common steps; denaturation from double strand to 
produce a single strand of DNA, annealing by using a primer and lastly DNA polymerase 
extends the sequence between the primers. 
8 

3.0 Materials and Methods 
3.1 Materials 
List of materials used in the study were listed in the Appendix A and flow chart 
used in this study was listed in Appendix B. 
3.2 Samples Collection 
In this study, the sampling sites were located in Kota Samarahan and Simunjan, 
Kuching. Two different types of village and commercial management farm were selected. 
Total of 40 isolates from nasal swab, faeces, feeds and soil samples with different 
approaches. The nasal swab samples were collected by using sterile cotton swabs with 
moistened saline solution in the sterile screwed cap test t~bes with enrichment nutrient 
broth (Amini et al., 2012). Faeces, feeds and soils were collected in sterile dry stomacher 
bags and transfer into an ice box to preserve the samples. The nasal swab sample 
purposely collected due to swine's snout were highly sensitive to sense of smell and it was 
used for rooting in the soil. Fresh faecal samples used to detect the antibiotic resistant 
bacteria in feeding operations. 
Swine Farms 
This study involved two types of swine farms located in Kuching with different 
type of environmental management to compare th6ir antibiotic resistant in swine animals. 
Village swine farm was owned by a villager from Kampupg Melaban, Kota Samarahan 
and there were total of two numbers of swine animals owned by Mdm Helam Anak Pason. 
There were four types of samples were collected from the village farms; soil samples, 
nasal swabs, faeces samples and feeds samples. In previous finding found that 
Staphylococcus aureus can be transferred from animal to man by foods and vice versa 
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(Lacey, 1988). The environmental fann of male and female swine from Kampung Melaban 
shows in Figure 3.1.1 and Figure 3.1.2. , 
Fig. 3.1.1: The environmental farms in the 
small scale farm, Kampung Melaban 
Fig. 3.1.2: One male and one female village swine 
As for commercial fann in Pasir Puteh Pig Fanning Area (PFA) Simunjan, it has 
operated since 2007 and implemented in accordance with European Union (EU) standard 
and National Agriculture Policy (NAP) 1984. Nearly 22,000 of pigs stock was recorded 
. 

until this early of January 2015 in PFA and it can support approximately around 250,000 
of pig populations for long tenn productions. The PFA project are funded by Natural 
Resources and Environment Board (NREB) and it aims to gather all pig fanns area in 
Kuching and Samarahan division to join in PF A by 2020. In this commercial fann, it owns 
a small biomass waste management (a biogas waste treatment plant) to allow generate 
electricity to be channel into the fann area together with large pond for water intake to 
supply for all livestock production. High biosecurity'and sterilized technique was observed 
upon the entrance of pig fann area in Pasir Puteh and this is to prevent unwanted diseases 
from spreading into pig fann area. Every visitors and workers are necessary in complete 
sterilize condition before joins in any activities in a farming area. Disease such as Japanese 
Encephalitis is one of the famous outbreaks that attack on pig species which can cause 
dead to the animal. Singapore is one of country that imported their productivity from PF A. 
10 
It has been recognized their best quality of products and helps to support local and 
international consumers. After all samples were taken from each farm, the samples were 
necessary to kept inside an icebox to ensure the microorganisms will not grow in the 
samples taken and immediately transfer to the laboratory. The Figure 3.1 .3 shows entrance 
area and Figure 3.1.4 shows the closed house system. 
Fig. 3.1.3: Entrance of commercial pig farm 

area in Pasir Puteh, Simunjan 

3.3 Isolation of Bacteriological Analysis 
Fig. 3.1.4: Modem closed house system and 
Good Animal Husbandry Practice 
(GAHP) 
The nasal swab samples were incubated for 2 to 6 hours at 37°C in MSA which 
containing 7.5% ofNaCl (Amini et ai., 2012). A total of 5 g faecal samples homogenized 
and inoculated into 45 ml nutrient broth for overnight (Fukushima et ai., 2003). All 
samples except nasal swab were weighed 5 g of total amount and enrich the samples with 
45 ml of nutrient broth for 18-24 hours at 37°C. Then, 1 ml from each sample was added 
to 9 ml of Phosphate Buffer Saline (PBS) before i~ was cultured into MSA agar. Serial 
dilution with up to 5 fold of was conducted to inoculate and calculate the CFU/ml. 
3.3.1 Gram Staining 
Gram staining was used to identify and differentiate between gram positive and 
gram negative bacteria based on the characteristic of their cell wall (Brown & Connely, 
2009). It was performed by using a clean slide by 70% ethanol and added 1 drop of 
11 

distilled water on the clean slide. Then, picked up 1 colony of bacteria and mixed with 
distilled water then directly heated up to fix the slide. After that, added 1 drop of crystal 
violet on the slide for 1 minute and immediately wash through with water. Followed by, 
added in gram iodine for 1 minute and washed through with water. The slide was 
decolourized by 95% of ethanol for 15 second before washing through water. Lastly, 
safranin was added on the slide for 30 seconds then wash thoroughly and let slide the heat 
or air dry before observed under microscope. A gram-positive S. aureus bacteria were 
confirmed dark purple stain with coccus like which retaining the crystal violet dyes in the 
cell wall as in Figure 3.2.1. 
Fig. 3.2.1: Gram Positive with purple grape like s'aureus under light microscope 
.' 
3.3.2 Mannitol Salt Agar (MSA) 
Enrichment culture of S. aureus was streaked by using spreading method into 
MSA and the plates were inoculated at 37 DC from 24 to 48 hours. MSA was a selective 
medium to differentiate S.aureus with other bacteria. MS agar original consist of mannitol 
and phenol red which act as pH indicator (pK=7.8) in the medium and as it changed from 
pink to yellow, the pH levels drop down to 6.9. 
12 
3.3.3 Catalase Test 
The catalase test was perfonned by using 3 % of hydrogen peroxide (H202) to 
differentiate staphylococci and streptococci on the slides. Hydrogen peroxide was a potent 
oxidising agent that can weaken havoc in a cell. Positive catalase test will show wool and 
bubble while negative catalase was dissolve on the hydrogen peroxide (Khanna et at., 
2008). Therefore, the by-product of catalase test was oxygen and been observed by 
producingbubble and wooL 
3.4 Kirby-Bauer disc diffusion assay 
In this study, disc diffusion method was used to perfonn the antibiotic 
susceptibility testing according to National Committee for CLSI (Duran et at., 2012). A 
sterile cotton swab was used to obtain the suspension and streak evenly on Mueller-Hinton 
(MH) agar plates for inoculation. Total of to types of antibiotics were introduced to the 
plates to detennine the susceptibility of MRSA. They were methicillin (5 Jlg), gentamicin 
(10 Jlg), tetracycline (30 Jlg), erythromycin (15 Jlg), penicillin (1 Jlg), vancomycin (30 Jlg), 
kanamycin (30 !lg), chloroamphenicol (30 Jlg), nalidixic acid (30 Jlg) and clindamycin (2 
Jlg) (Amini et at., 2012). All antibiotics were classified into different type of classes 
according to their mechanism action of the bacteria. Their mode of actions can be analysed .. 
by the inhibition of cell wall synthesis, inhibition of cell membrane function, inhibition of 
protein synthesis, inhibition of nucleic acid synthesis and. inhibition of other metabolic 
proces . 
After plates were incubated overnight at the temperature of 37°C, the diameter of 
zone of inhibition of bacteria was recorded according to Clinical Laboratory Standard 
Institute, 2012 as shown in Appendix C. The zone of inhibition is classified into three 
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categories; sensitive, resistant or intennediate. Sensitive means the bacterial strain 
susceptible to a given antibiotic when it was inhibited in vitro by a concentration of this 
drug that was associated with a high likelihood of therapeutic success. Intennediate refers 
to the sensitivity of a bacterial strain to a given antibiotic was intennediate when it is 
inhibited in vitro by a concentration of this drug that is associated with an uncertain 
therapeutic effect while resistant is known as a bacterial strain that resistant to a given 
antibiotic when it was inhibited in vitro by a concentration of this drug that is associated 
with a high likelihood of therapeutic failure (Rodloff et al., 2008). 
MAR index was calculated according to the fonnulae given. Multiple Antibiotic 
Resistance index is defined as alb as 'a' represent the number of antibiotics to which 
particular isolate was resistant to while 'b' is the number antibiotics to which the isolate 
which was exposed to (Krumpennan, 1983). All antibiotics used in this study considered 
as MAR Index for detenninations of organisms' exhibit unequal profile to antibiotics 
within the same class. 
3.5 Isolation and Identification of strains 
3.5.1 DNA Extraction 
Boiling cell method was used for DNA extraction in this study (Wongboot et ai., 
2013). At total of 40 isolated samples were cultured into 5 ml of LB broth for 18 to 24 
hours at 37°C. One ml of overnight sample was pipetted into sterile new micro-centrifuge 
tubes. After that, all samples were centrifuged at 12,000 rpm for 5 minutes and the 
supernatant was discarded. The leftover pellet was washed with 500 III of sterile distilled 
water and gently vortex to make sure cell pellet washed completely. Then, it was 
transferred into boiling water (100 °C) and heated for 10 minutes. After that, immediately 
14 

